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(54) Light output apparatus and optical pickup apparatus employing the same 



(57) A light output apparatus and an optical pickup 
apparatus employing the same are provided. The light 
output apparatus includes a base (61), a VCSEL (63), 
installed on the base (61 ), for emitting light in a direction 
normal to the base (61), and a light output controller (70) 
for controlling the light output of the VCSEL, wherein the 
light output controller includes a housing (74) formed to 
enclose the VCSEL (63) having a projector window (76) 
for permitting most of the light emitted from the VCSEL 
(63) to pass through and reflecting some of the light back 
onto the base (61), a monitoring photodetector (72), in- 
stalled on the base (61) whereon the VCSEL (63) is in- 
stalled, for receiving some of the light emitted from the 
VCSEL (63) and reflected from the projector window 
(76) and converting the light into an electrical signal, and 
a plurality of lead pins (78), connected to the VCSEL 
(63) and the monitoring photodetector (72), for connect- 
ing to a power supply and transmitting electrical signals. 
The optical pickup apparatus includes an object lens 
(90) for concentrating the light on an optical recording 
medium (100) by collecting light emitted from the VC- 
SEL (63), a light path changing unit (80) for changing 
the path of light reflected from the light record medium, 
and another photodetector (83) for receiving the reflect- 
ed light and converting it into an electrical signal to be 
fed to an error detection circuit. 
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Description 

The present invention relates to a light output ap- 
paratus and an optical pickup apparatus employing the 
same, and more particularly, to a light output apparatus 
and an optical pickup apparatus employing the same, 
capable of controlling the quantity of light emitted from 
a vertical cavity surface emitting laser (VCSEL). 

Generally, the VCSEL which can be used as a light 
source is formed of a first reflector stack, an active re- 
gion, a second reflector stack, and an electrode layer 
stacked one on top of the other. The first reflector stack 
is formed of at least one n-type semiconductor material 
and the second reflector stack is formed of at least one 
p-type semiconductor material. The active region gen- 
erates a laser beam during application of a forward bi- 
ased voltage to the electrode layer. This laser beam is 
resonated between the first and second reflector stacks 
and emitted in a direction perpendicular to the surface 
of the stack. Therefore, light emitted from the VCSEL, 
having characteristics of being almost circular and high- 
ly dense and, operating in a single mode, is widely used 
in optical applications such as optical pickup apparatus- 
es and computers. 

However, it is hard to install a monitoring photode- 
tector to receive some of the light emitted from the VC- 
SEL for controlling light output, because it emits light in 
a vertical direction to the upper surface thereof and be- 
cause the lower surface thereof is mounted on a semi- 
conductor base. 

To solve this problem, the prior art entitled Feed- 
back Mechanism for Vertical Cavity Surface Emitting La- 
sers is provided in U.S. Patent No. 5,285,466. This 
mechanism, described with reference to Figures 1 and 
2, includes a VCSEL 12 which emits light when a for- 
ward biased voltage is applied and a ring patterned 
monitoring photodetector 14 installed around the VC- 
SEL 1 2 to receive light emitted horizontally from the VC- 
SEL 12. This monitoring photodetector 14 has a stack 
structure which is identical or similar to that of the VC- 
SEL 12 and receives light, when a reverse biased volt- 
age or no bias is applied to the electrode layer formed 
on the respective upper and lower surfaces. 

The monitoring photodetector 1 4 controls the quan- 
tity of light emitted from the VCSEL 12 by receiving hor- 
izontally emitted light emitted therefrom and then, con- 
verting it into an electrical signal and feeding it back to 
the electrode of the VCSEL 12. 

Light vertically emitted from the VCSEL 12 is gen- 
erated by forward biased lasing currents in the mA 
range. As shown in Figure 2, the currents 24 due to the 
vertically emitted light detected by the monitoring pho- 
todetector 14 has a lasing threshold point 20 where the 
quantity of light is sharply increased and a lasing termi- 
nation point 22 where the quantity of light is sharply de- 
creased. When the lasing currents between the lasing 
threshold 20 and lasing termination point 22 are applied, 
output currents of several microamperes are detected. 



When the lasing currents outside the range are applied, 
the currents detected from the monitoring photodetector 
14 are negligible. 

The currents 34 due to horizontally emitted light are 
5 relatively small compared to those 24 due to vertically 
emitted light. Also, the lasing threshold point 30 and las- 
ing termination point 32 of the currents due to horizon- 
tally emitted light 34 are not clearly defined. The currents 
34 due to horizontally emitted light are increased slowly 
and then, decreased. 

Here, the fact that the detected currents due to hor- 
izontally emitted light are not proportionate to those due 
to vertically emitted light means that the quantity of hor- 
izontally emitted light is not proportionate to that of ver- 
tically emitted light. Therefore, it is impossible to pre- 
cisely control the quantity of vertically emitted light 
based on the detected horizontally emitted light. Also, 
since much horizontally emitted light is transmitted 
through the monitoring photodetector 14, it is difficult to 
obtain a sufficient amount of the horizontally emitted 
light necessary to detect a signal for controlling the 
amount of vertically emitted light. 

It is an aim of embodiments of the present invention 
to provide a light output apparatus and an optical pickup 
apparatus employing the same capable of effectively 
controlling the quantity of light emitted from a VCSEL 
on the basis of the quantity of vertically emitted light. 

According to one aspect of the invention, there is 
provided a light output apparatus, comprising a base, a 
VCSEL, installed on the base, for emitting light in a di- 
rection normal to the base, and light output controlling 
means for controlling the light output of the VCSEL, 
wherein the light output controlling means is comprised 
of a housing formed to enclose the VCSEL having a pro- 
jector window for transmitting most of the light emitted 
from the VCSEL and reflecting some of the light back 
onto the base, a monitoring photodetector, installed on 
the base whereon the VCSEL is installed, for receiving 
some of the light emitted from the VCSEL and reflected 
from the projector window and converting the light into 
an electrical signal, and a plurality of lead pins, connect- 
ed to the VCSEL and the monitoring photodetector, for 
connecting to a power supply and transmitting the elec- 
trical signal. 

Preferably, a predetermined portion of the inner sur- 
face of said projector window has a reflective coating 
formed of Au or Ag. 

Preferably, said monitoring photodetector has an 
identical structure to that of the VCSEL and functions to 
receive incident light by being reverse biased. 

According to a second aspect of the invention, there 
is provided an optical pickup apparatus employing a 
light output apparatus, comprising a base, a VCSEL, in- 
stalled on the base, for emitting light in a direction nor- 
mal to the base, light output controlling means for con- 
trolling the light output of the VCSEL, an object lens for 
forming a light spot on an optical recording medium by 
collecting light emitted from the VCSEL, a light path 
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changing means for changing the path of light reflected 
from the optical recording medium, and a first photode- 
tector for receiving the reflected light and detecting an 
error signal and an information signal, wherein the light 
output controlling means comprise a housing formed to 
enclose the VCSEL having a projector window for trans- 
mitting most of the light emitted from the VCSEL and 
reflecting some of the light back onto said base, a mon- 
itoring photodetector for monitoring, installed on the 
base whereon the VCSEL is installed, for receiving 
some of the light emitted from the VCSEL and reflected 
from the projector window and converting the received 
light into an electrical signal, and a plurality of first lead 
pins, connected to the VCSEL and the monitoring pho- 
todetector, for connecting to a power supply and trans- 
mitting the electrical signal. 

Preferably, a predetermined portion of the inner sur- 
face of said projector window has a reflective coating 
formed of Au or Ag. 

Preferably, said first photodetector is arranged on 
the base whereon said VCSEL is arranged. 

Said first photodetector may comprise four sepa- 
rate photodetectors for independently receiving light 
and converting said received light into electrical signals. 

The apparatus may further comprise at least one 
second lead pin, electrically connected to said first pho- 
todetector, for transmitting electrical signals. 

Preferably, there is provided a hologram device for 
diffracting and collecting light reflected from the optical 
recording medium and then, directing it to the first pho- 
todetector is installed in the light path between said pro- 
jector window and said object lens as said light path 
changing means. 

A predetermined hologram pattern may be provided 
for diffracting and collecting light reflected from the op- 
tical recording medium and directing it to the first pho- 
todetector is formed on an upper surface of the projector 
window as said light path changing means. 

Preferably, said monitoring photodetector has an 
identical structure to that of the VCSEL and functions to 
receive incident light by being reverse biased. 

According to a third aspect of the invention, there is 
provided a light output apparatus comprising: a base; a 
vertical cavity surface emitting laser, installed on the 
base for emitting light in a direction normal to the base; 
and light output controlling means for controlling the light 
output of the VCSEL, wherein said light output control- 
ling means comprises: (i) a housing formed to enclose 
the VCSEL, the housing having a projector window, and 
(ii) a monitoring photodetector whereby the projector 
window is arranged to transmit a major position of the 
light emitted by said VCSEL and to reflect a portion of 
the light towards said monitoring photodetector. 

For a better understanding of the invention, and to 
show how embodiments of the same may be carried into 
effect, reference will now be made, by way of example, 
to the accompanying diagrammatic drawings, in which: 



Figure 1 is a schematic view of a conventional light 
output apparatus; 

Figure 2 is a graph showing detected currents due 
5 to with respect to vertically and horizontally emitted 

light output from the light output apparatus of Figure 
1; 

Figure 3 is a schematic sectional view of an embod- 
10 iment of the light output apparatus according to the 
present invention; 

Figure 4 is a schematic sectional view of another 
embodiment of the light output apparatus according 
15 to the present invention; 

Figure 5 is a schematic sectional view of a first em- 
bodiment of an optical pickup apparatus employing 
the light output apparatus according to the present 
20 invention; 

Figure 6 is a partially cutaway plan view showing 
the interior of the housing of the optical pickup ap- 
paratus shown in Figure 5; 

25 

Figure 7 is a schematic sectional view showing a 
second embodiment of the optical pickup apparatus 
employing the light output apparatus according to 
the present invention; 

30 

Figure 8 is a schematic sectional view showing a 
third embodiment of the optical pickup apparatus 
employing the optical pickup apparatus according 
to the present invention; and 

35 

Figure 9 is a schematic sectional view showing a 
fourth embodiment of the optical pickup apparatus 
employing the light output apparatus according to 
the present invention. 

40 

As shown in Figure 3, a light output apparatus ac- 
cording to the present invention comprises a base 41 , 
a VCSEL 42 formed on the base 41 , and a light output 
controller 50 for controlling the light output of the VCSEL 
45 42. 

The VCSEL 42 emits light in a direction perpendic- 
ular to the upper surface thereof. 

The light output controller 50 is comprised of a mon- 
itoring photodetector 52, a housing 54 having a projector 
50 window 56, and a plurality of lead pins 58. 

The housing 54 is installed on the base 41 to en- 
close the VCSEL 42 and the monitoring photodetector 
52. The projector window 56 is installed in the path of 
light emitted from the VCSEL 42. Most of the light emit- 
55 ted from the VCSEL 42 is transmitted through the pro- 
jector window 56 and the rest is reflected off the projec- 
tor window 56. 

The monitoring photodetector 52, installed on the 
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base 41 whereon the VCSEL 42 is installed, receives 
light reflected from the projector window 56. At this time, 
since the monitoring photodetector 52 receives some of 
the vertical light, the quantity of the received light is pro- 
portionate to that of the light emitted from the VCSEL 42. 

The monitoring photodetector 52 has the same 
structure as that of the VCSEL 42 and is preferably able 
to receive incident light by being reverse biased. 

The lead pins 58 connect an external power source 
to the VCSEL 42 and the monitoring photodetector 52 
and, transmit electrical signals detected from the moni- 
toring photodetector 52 outward. These lead pins 58 
pass through the base 41 and are connected to the mon- 
itoring photodetector 52, the VCSEL 42, and the base 
41 in the housing 54. 

Figure 4 is a sectional view showing another em- 
bodiment of the light output apparatus according to the 
present invention. 

Here, the reference numerals identical to those of 
Figure 3, indicate similar or identical portions having 
similar or identical functions. 

As shown in Figure 4, a reflective coating 57 is 
formed on a predetermined portion of the projector win- 
dow 56 to increase the quantity of light reflected from 
the projector window 56 to the monitoring photodetector 
52. 

This reflective coating 57 is formed of a highly re- 
flective metal, namely, Au or Ag, etc. 

The projector window 56 without the reflective coat- 
ing 57 reflects about 5 to 6% of the light emitted from 
the VCSEL 42 and about 50 to 60% with the reflective 
coating. Therefore, enough light can be received by the 
monitoring photodetector 52 to generate electrical sig- 
nals for controlling light output of the VCSEL 42. 

Now, a first embodiment of an optical pickup appa- 
ratus employing the light output apparatus according to 
the present invention, with reference to Figures 5 and 6 
will be described. 

As shown in Figure 5 the optical pickup apparatus 
is comprised of a base 61 , a VCSEL 63, formed on the 
base 61, for emitting a laser beam, a light output con- 
troller 70 for controlling light output of the VCSEL 63, an 
object lens 90, arranged on an optical axis between the 
VCSEL 63 and an optical recording medium 1 00, for col- 
lecting an incident beam and concentrating the light on 
the optical recording medium 100, a first photodetector 
83 for receiving light reflected from the optical recording 
medium 100 and detecting an information signal and an 
error signal, and a light path changing portion 80 for di- 
recting the light reflected from the optical recording me- 
dium 100 to the first photodetector 83. 

The light output controller 70 is comprised of a sec- 
ond monitoring photodetector 72, a housing 74 having 
a projector window 76, and first lead pins 78a, 78b, and 
78c. 

Here, the operations of the VCSEL 63 and the light 
output controller 70 are the same as mentioned above. 
The first photodetector 83 is installed on the base 



61 whereon the VCSEL 63 is installed. 

This first photodetector 83 preferably comprises 
four separate photodetectors 83a, 83b, 83c, and 83d 
(shown in Figure 6) for independently receiving light and 

5 converting it into electrical signals. Four second lead 
pins 84a, 84b, 84c, and 84d installed inside of the hous- 
ing 74 pass through the base 61 and transmit the elec- 
trical signals detected from the first photodetector 83 out 
of the housing 74. The second lead pins 84a, 84b, 84c, 

10 and 84d are electrically connected to the four separate 
photodetectors 83a, 83b, 83c, and 83d of the first pho- 
todetector 83, respectively and an error detection circuit 
portion (not shown) for detecting radio frequency sig- 
nals, tracking error signals, and focus error signals. 

15 The light path changing portion 80 is arranged in 
the light path between the projector window 76 and the 
object lens 90 and, preferably has a hologram device 
81 for diffracting and collecting light reflected from the 
optical recording medium 100 and then, directing it to 

20 the first photodetector 83. The light path changing por- 
tion 80 may be a common beam splitter. In this case, 
the first photodetector 83 is installed outside of the hous- 
ing 74. 

In the present invention, the first photodetector 83 
25 is comprised of four separate photodetectors but can be 
comprised of another suitable number of photodetec- 
tors, such as two or six, as occasion demands. 

A second embodiment of the optical pickup appa- 
ratus employing the light output apparatus according to 
30 the present invention will now be described with refer- 
ence to Figure 7. 

As shown, a reflective coating 77 is formed on a pre- 
determined portion of a projector window 76 to increase 
the quantity of light reflected from the projector window 
35 76 to a second monitoring photodetector 72. 

Generally, this reflective coating 77 is formed of a 
highly reflective metal, namely, Au or Ag, etc. Here, the 
portions which are not described are similar or identical 
to the portions having the identical reference numerals 
40 described in the first embodiment of the present inven- 
tion referred to in Figures 5 and 6. 

A third embodiment of the optical pickup apparatus 
employing the light output apparatus according to the 
present invention will now be described with reference 
45 to Figure 8. 

As shown, a hologram pattern 82 is formed on an 
upper surface of a projector window 76 as a light path 
changing portion 80. The hologram pattern 82 diffracts 
light reflected from the optical recording medium 100 
50 and concentrates it on the first photodetector 83 formed 
on the base 61 . 

The optical pickup apparatus can be made more 
compact by forming a hologram pattern 82 on the upper 
surface of the projector window 76 than by employing a 
55 hologram device 81 (shown in Figure 7) separately as 
a light path changing portion 80. 

The portions which are not described are similar or 
identical to the portions having the identical reference 
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numerals described in the first embodiment of the 
present invention provided with reference to Figures 5 
and 6. 

A fourth embodiment of the optical pickup appara- 
tus employing the light output apparatus according to 
the present invention with reference to Figure 9 will now 
be described. 

As shown, a reflective coating 77 of the type shown 
in Figure 7 is formed on a predetermined portion of an 
inner surface of a projector window 76 to increase the 
quantity of light reflected from the projector window 76 
to a second monitoring photodetector 72. Also, a holo- 
gram pattern of the type shown in Figure 8 is formed on 
an upper surface of the projector window 76. The func- 
tions and operations of the reflective coating 77 and 
hologram pattern 82 are the same as described above. 

The portions which are not described are similar or 
identical to the portions having the identical reference 
numerals described with reference to Figures 5 to 8. 

As described above, the light output apparatus of 
embodiments according to the present invention detects 
some of the vertically emitted light emitted from the VC- 
SEL 63 with a monitoring photodetector and controls the 
light output more precisely based on the detected light. 

Furthermore, the optical pickup apparatus employ- 
ing the light output apparatus according to the present 
invention can control the quantity of light emitted from 
the VCSEL 63 precisely by receiving light proportionate 
to the quantity of light emitted from the VCSEL 63. Also, 
it may be easy to assemble and may have a compact 
structure through forming the hologram device on the 
projector window of the housing. 

The reader's attention is directed to all papers and 
documents which are filed concurrently with or previous 
to this specification in connection with this application 
and which are open to public inspection with this spec- 
ification, and the contents of all such papers and docu- 
ments are incorporated herein by reference. 

All of the features disclosed in this specification (in- 
cluding any accompanying claims, abstract and draw- 
ings), and/or all of the steps of any method or process 
so disclosed, may be combined in any combination, ex- 
cept combinations where at least some of such features 
and/or steps are mutually exclusive. 

Each feature disclosed in this specification (includ- 
ing any accompanying claims, abstract and drawings), 
may be replaced by alternative features serving the 
same, equivalent or similar purpose, unless expressly 
stated otherwise. Thus, unless expressly stated other- 
wise, each feature disclosed is one example only of a 
generic series of equivalent or similar features. 

The invention is not restricted to the details of the 
foregoing embodiment(s). The invention extends to any 
novel one, or any novel combination, of the features dis- 
closed in this specification (including any accompanying 
claims, abstract and drawings), or to any novel one, or 
any novel combination, of the steps of any method or 
process so disclosed. 



Claims 

1. A light output apparatus, comprising: 

5 abase (41, 61); 

a vertical cavity surface emitting laser (VCSEL) 
(42, 63), installed on the base, for emitting light 
in a direction normal to the base (41 , 61 ); and 

10 

light output controlling means (50, 70) for con- 
trolling the light output of the VCSEL, 

wherein said light output controlling means is 
15 comprised of a housing (54, 74) formed to en- 

close the VCSEL (42, 63) having a projector 
window (56, 76) for transmitting most of the light 
emitted from the VCSEL (42, 63) and reflecting 
some of the light back onto said base (41 , 61 ), 
20 a monitoring photodetector (52, 72), installed 

on the base (41 , 61 ) whereon the VCSEL (42, 
63) is installed, for receiving some of the light 
emitted from the VCSEL (42, 63) and reflected 
from the projector window (56, 76) and convert- 
25 jng the light into an electrical signal, and a plu- 

rality of lead pins (58, 78), connected to the VC- 
SEL (42, 63) and the monitoring photodetector 
(52, 72), for connecting to a power supply and 
transmitting the electrical signal. 

30 

2. An optical pickup apparatus, comprising: 

abase (41, 61); 

35 a VCSEL (63), installed on the base, for emit- 

ting light in a direction normal to the base (61 ); 

light output controlling means (70) for control- 
ling the light output of the VCSEL (63); 

40 

an object lens (90) for concentrating light on an 
optical recording medium (100) by collecting 
light emitted from the VCSEL (62); 

45 a light path changing means (80, 81 ) for chang- 

ing the path of light reflected from the optical 
recording medium (100); and 

a first photodetector (83) for receiving said re- 
50 fleeted light and detecting an error signal and 

an information signal, 

wherein said light output controlling means (70) 
comprise a housing (74) formed to enclose the 
55 VCSEL (63) having a projector window (76) for 

transmitting most of the light emitted from the 
VCSEL (63) and reflecting some of the light 
back onto said base (61), a monitoring photo- 
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detector (72), installed on the base (61) wher- 
eon the VCSEL (63) is installed, for receiving 
some of the light emitted from the VCSEL (63) 
and reflected from the projector window (76) 
and converting the light into an electrical signal, 5 
and a plurality of first lead pins (78), connected 
to the VCSEL (63) and the monitoring photode- 
tector (72), for connecting to a power supply 
and transmitting the electrical signal. 

10 

3. A light output apparatus according to claim 1 or an 
optical pickup apparatus as claimed in claim 2, 
wherein a predetermined portion of the inner sur- 
face of said projector window (56, 76) has a reflec- 
tive coating (77) formed of Au or Ag. is 

4. A light output apparatus according to claim 1 or 3 
or an optical pickup apparatus as claimed in claim 
2 or 3, wherein the monitoring photodetector (52, 

72) has an identical structure to that of the VCSEL 20 
(42, 63) and functions to receive incident light by 
being reverse biased. 



a vertical cavity surface emitting laser (42, 63), 
installed on the base for emitting light in a di- 
rection normal to the base (41 , 61 ); and 

light output controlling means (50, 70) for con- 
trolling the light output of the VCSEL, 

wherein said light output controlling means 
comprises: (i) a housing (54, 74) formed to en- 
close the VCSEL (42, 63), the housing having 
a projector window ( 56, 73), and (ii) a monitor- 
ing photodetector (52, 72) whereby the projec- 
tor window (56, 73) is arranged to transmit a 
major portion of the light emitted by said VCSEL 
(42, 63) and to reflect a further portion of the 
light towards said monitoring photodetector 
(52, 72). 

1 1 . Apparatus according to claim 1 0, further comprising 
any one or more of the features disclosed in the ac- 
companying specification, claims, abstract and/or 
drawings, in any combination. 



5. An optical pickup apparatus as claimed in claim 2, 
3 or 4, wherein said first photodetector (83) is ar- 25 
ranged on the base whereon said VCSEL (63) is 
arranged. 



6. An optical pickup apparatus as claimed in claim 2, 
3 or 5, wherein said first photodetector (83) com- 30 
prises four separate photodetectors (83a - 83d) for 
independently receiving light and converting said 
received light into electrical signals. 



7. An optical pickup apparatus as claimed in any of 35 
claims 2 to 6 further comprising at least one second 
lead pin (84), electrically connected to said first pho- 
todetector (83), for transmitting electrical signals. 



8. An optical pickup apparatus as claimed in any of 40 
claims 2 to 7, wherein a hologram device (81) for 
diffracting and collecting light reflected from the op- 
tical recording medium (100) and then, directing it 
to the first photodetector (83) is installed in the light 
path between said projector window (76) and said 45 
object lens (90) as said light path changing means. 



9. An optical pickup apparatus as claimed in any of 
claims 2 to 7, wherein a predetermined hologram 
pattern (81) for diffracting and collecting light re- so 
fleeted from the optical recording medium and di- 
recting it to the first photodetector (83) is formed on 

an upper surface of the projector window (76) as 
said light path changing means. 

55 

10. A light output apparatus comprising: 



a base (41, 61); 



6 



EP 0 786 839 A1 



FIG. 1 (PRIOR ART) 



12 




FIG. 2 (PRIOR ART) 




LASING CURRENT (mA) 



7 



EP 0 786 839 A1 



FIG. 3 




8 



EP 0 786 839 A1 



FIG. 5 




9 



EP 0 786 839 A1 



FIG. 6 



78b 84a 




78c 84d 



10 



EP 0 786 839 A1 



FIG. 7 




11 



EP 0 786 839 A1 



FIG. 8 




12 



EP 0 786 839 A1 



FIG. 9 




13 



EP 0 786 839 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 96 30 7694 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (Int.CU) 



PATENT ABSTRACTS OF JAPAN 

vol. 010, no. 125 (E-402), 10 May 1986 

& JP 60 257584 A (SHARP KK) , 19 December 

1985, 

* abstract * 

US 5 448 536 A (MURANISH1 MASARU ET AL) 5 
September 1995 

* figures 13,17 * 

PATENT ABSTRACTS OF JAPAN 

vol. 018, no. 570 (E-1623), 31 October 

1994 

& JP 06 209138 A (SEIKO EPSON CORP), 26 
July 1994, 

* abstract * 

PATENT ABSTRACTS OF JAPAN 

vol. 009, no. 234 (E-344), 20 September 

1985 

& JP 60 088486 A (MATSUSHITA DENKI SANGY0 
KK), 18 May 1985, 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 016, no. 035 (P-1304), 28 January 
1992 

& JP 03 242838 A (MATSUSHITA ELECTRIC IND 
CO LTD), 29 October 1991, 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 017, no. 132 (P-1504), 18 March 1993 
& JP 04 311828 A (HITACHI LTD), 4 
November 1992, 

* abstract * 



1-3,10, 
11 



1-3,10, 

11 

5-9 

1,4-10 



H01S3/085 
H01S3/025 
G11B7/125 



1-3 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.6) 



H01S 
G11B 



1-11 



The present search report has been drawn up for all claims 



1-11 



Place of search 

THE HAGUE 



Date of tomplelio* of the search 



6 May 1997 



Claessen, L 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the inv< 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 



: member of the sai 
document 



: patent family, corresponding 



14 



EP 0 786 839 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 96 30 7694 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (Int. a. 6) 



INTERNATIONAL CONFERENCE ON SOLID STATE 
DEVICES AND MATERIALS, 

1 August 1992, 
pages 595-597, XPO00312274 
HIDEO KOSAKA ET AL: "PIXELS CONSISTING OF 
DOUBLE VERTICAL-CAVITY DETECTOR AND SINGLE 
VERTICAL-CAVITY LASER SECTIONS FOR 2-D 
BIDIRECTIONAL OPTICAL INTERCONNECTIONS" 
* figure 1 * 



1,4 



TECHNICAL FIELDS 
SEARCHED (Int.CL6) 



The present search report has been drawn up for all claims 



Place of search 


Date of completion of (he search 


Examiner 


THE HAGUE 


6 May 1997 


Claessen, L 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory Dr principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



15 



